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" Echinostoma paraensei changes the organic acids levels in B. glabrata.
" Infection with E. paraensei increases glucose in Biomphalaria glabrata hemolymph.
" Infection by E. paraensei increases activity of LDH in B. glabrata hemolymph.
" Glycogen level decreases in the DGG of B. glabrata infected by E. paraensei.
" Infection by E. paraensei accelerates the anaerobic metabolism rate in B. glabrata.a r t i c l e i n f o
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The glucose content in the hemolymph and glycogen content in the digestive gland–gonad complex
(DGG) and cephalopedal mass of Biomphalaria glabrata exposed to different parasite doses (5 and 50
miracidia) of Echinostoma paraensei as well as the activity of lactate dehydrogenase were evaluated. HPLC
(high-performance liquid chromatography) analyses were also performed to determine the concentra-
tions of four organic acids (oxalic, succinic, pyruvic and lactic) present in the hemolymph of infected
and uninfected snails, to better understand the effect of infection on the host’s energetic/oxidative
metabolism. The snails were dissected 1–4 weeks after infection to collect the hemolymph and separate
the tissues. There was alteration in the glycemia of the snails at both parasite doses, with a signiﬁcant
increase of glycemia from of the third week after infection in comparison to the control group. Changes
were also observed in the lactate dehydrogenase activity, with increased activity as the infection pro-
gressed. In parallel, there was a decrease in the glycogen content in the storage tissues, with a markedly
greater reduction in the digestive gland–gonad complex (larval development site) in comparison with the
cephalopedal mass. Additionally, the infection by both miracidial doses resulted in an increase of oxalic
and lactic acid levels, as well as in a decline of piruvic and succinic acid levels in B. glabrata, thus explain-
ing the reduction of the oxidative decarboxylation rate in the tricarboxylic acid cycle and acceleration of
the anaerobic degradation of carbohydrates in the snails, through lactic fermentation, which is essential
to ensure energy supply and success of the infection.
 2013 Elsevier Inc. Open access under the Elsevier OA license.em Ciências Veterinárias, Departamento de Parasitologia Animal, Instituto de Veterinária, Universidade Federal Rural
o Paulo, 23890-000 Seropédica, RJ, Brazil.
Tunholi).
evier OA license.
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Snails have a predominantly aerobic metabolism to obtain en-
ergy. However, when subjected to adverse physiological conditions
such as parasitism by larval trematodes, they can redirect their
metabolic ﬂow. An example of this is the slowing of oxidative
reactions of the tricarboxylic acid cycle observed in Biomphalaria
glabrata (Say, 1818) when infected by larval stages of Schistosoma
mansoni Sambon, 1907 (Bezerra et al., 1997), a mechanism that
allows the infected snail to survive.
The results of studies conducted by White et al. (2005),
Bandstra et al. (2006) and Pinheiro et al. (2009) on the metabolic
changes that occur in snails infected by larval trematodes have
shown different response patterns. The differences observed in
these studies are not assigned only to the intrinsic mechanisms
developed by each parasite and host species, but also to various
other factors, such as the use of different miracidial doses (Sluiters
et al., 1980; Vasquez and Sullivan, 2001; Tunholi et al., 2011a) and
duration of the experiment (Bandstra et al., 2006). Previous results
obtained by our group have shown that some fractions of neutral
lipids in the digestive gland–gonad (DGG) complex, along with cal-
cium content in the hemolymph and shell of B. glabrata infected by
Echinostoma paraensei (Lie and Basch, 1967) change in response to
the miracidial dose used (Tunholi-Alves et al., 2011; Tunholi et al.,
2011c). Despite these studies, there is no information available on
changes in the carbohydrate metabolism of B. glabrata using differ-
ent E. paraensei miracidial dose, as well as the effects of this rela-
tionship on the carboxylic acid concentrations in the infected
snail. As shown by Massa et al. (2007), certain carboxylic acids
are directly involved in the intermediary metabolism of snails. Be-
sides that, these metabolites can still be used as substrates for the
development of larval stages of trematodes. Thus, the characteriza-
tion of the changes in the concentrations of these acids will provide
important information about the events needed for successful
infection of E. paraensei in B. glabrata.
E. paraensei is a Brazilian species of echinostomatid described
by Lie and Basch (1967), which the authors obtained from natu-
rally infected B. glabrata from the state of Minas Gerais. Maldonado
et al. (2001) ﬁrst identiﬁed the rodent Nectomys squamipes (Brants,
1827) as the deﬁnitive natural host and proposed the parasite’s life
cycle.
The aims of the present study were to analyze for the ﬁrst time
the glycogen concentrations in the digestive gland–gonad complex
(DGG) and cephalopedal mass, as well as the glucose content and
activity of the enzymes D- and L-lactate dehydrogenase (EC
1.1.1.27 and EC 1.1.1.28) (LDH) in the hemolymph de B. glabrata
submitted to infection by 5 and 50 E. parenseimiracidia during four
weeks, the prepatent period of this parasite (Lie and Basch, 1967).
Additionally, using HPLC analysis, we sought to determine the con-
centration of organic acids, intermediates of the tricarboxylic acid
cycle, in the hemolymph of infected and uninfected snails. Histo-
chemical analysis (PAS) of the digestive gland of infected and unin-
fected snails was also performed to better characterize the possible
changes in the glucose metabolism of these organisms and to com-
pare them with results reported in the literature.2. Material and methods
2.1. Source of E. paraensei miracidia
Laboratory-reared hamsters (Mesocricetus auratus) aged four
months were experimentally infected by the gastric route with
50 E. paraensei metacercariae. Four weeks after infection, the ham-
sters were euthanized in a CO2 chamber (Animal Use Ethics Com-
mittee, CEUA L-074/08) and necropsied to obtain the adult wormsfrom the small intestine. The uterus of each adult worm was
scraped to release the eggs, which were incubated in dechlorinated
water and kept at 26 C for 14 days. After this period, the eggs were
exposed to light from an incandescent lamp (100W, 127 V) to
stimulate the miracidia hatching (Pinheiro et al., 2004a,b, 2005,
2009).
2.2. Source of B. glabrata specimens and experimental infection
The snails were obtained from the Laboratório de Biologia e Par-
asitologia de Mamíferos Silvestres Reservatórios, Instituto Owaldo
Cruz, Fiocruz, RJ, Brazil. Young snails (8–12 mm) were individually
placed on 24-hole plates on which miracidia had been placed pre-
viously with the aid of a micropipette, at a dose of 5 or 50 miracidia
per snail (Tunholi et al., 2011a,c). The snails from each group were
individually examined under a stereomicroscope during the expo-
sition period to detect miracidia in the plates. Twenty-four hours
after exposure, there were no free swimming miracidia remaining
in the plates.
The snails were then removed from the plates and transferred
to aquariums. Only those snails harboring E. paraensei sporocysts
in their circulatory system were selected for additional study, since
sporocysts already are visible at two days post infection (Loker and
Hertel, 1987).
2.3. Snail maintenance and forming the groups
Each aquarium was previously ﬁlled with 1500 mL of distilled
water mixed with 0.5 g of CaCO3. This water was renewed once a
week. Twelve groups were formed: four control groups (unin-
fected), four groups of snails infected with ﬁve miracidia each
and four groups of snails infected with 50 miracidia each. Each
aquarium contained 10 snails and the entire experiment was per-
formed in duplicate, for a total of n = 240 snails. These doses (5 and
50 miracidia) were used to characterize low and high parasitemia,
since in nature there is no way to control these parameters and the
success of infection is related to the presence and number of snails
and miracidia (Tunholi et al., 2011a,c). The snails were fed ad libi-
tum with fresh lettuce leaves (Lactuca sativa L.). The aquariums
were cleaned every other day, when the lettuce leaves were also
replaced.
2.4. Dissection of the snails to collect the hemolymph and tissues
Weekly the hemolymph was collected by cardiac puncture of
randomly chosen snails from each group (n = 20), after which the
specimens were dissected and the DGG and cephalopedal mass
were separated, weighed and frozen at 80 C. The hemolymph
was maintained in an ice bath during collection and stored at
10 C.
2.5. Determination of glucose concentration and LDH activity
For the determination of glucose, a 10 ll of sample was added
to 1 mL of color reagent (0.05 M phosphate buffer solution, pH
7.45 ± 0.1; 0.03 mM aminoantipyrine and 15 mM of sodium
p-hydroxybenzoate; 12 kU of glucose oxidase, and 0.8 kU peroxidase
per liter). The product formed by oxidation of 4-aminoantipyrine
was determined by spectrophotometry with maximum absorption
at 510 nm, using a standard solution of glucose at a concentration
of 100 mg/dL (Mello-Silva et al., 2010). The readings were
expressed in mg/dL.
For the determination of LDH activity, mixtures were prepared
of 1 ml of solution containing substrate (0.1 M lactate solution,
0.005 M o-phenanthroline in 0.2 M Tris, pH 8.8), a drop of 0.
012 M ferric ammonium sulfate and 25 ll of sample, and the
Fig. 1. Relation between glucose concentration, expressed in mg/dL, in the
hemolymph of Biomphalaria glabrata infected by 5 (A) and 50 (B) miracidia of
Echinostoma paraensei and time of infection, expressed in weeks: 0 (zero) week of
infection represents the mean of the snails of the control group dissected after the
end of each experimental period (1–4 weeks) a, b, c = means differ signiﬁcantly
between each other (mean ± SD).
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was added containing 15.82 mM of nicotinamide adenine dinucle-
otide (NAD) and 3.73 mM of phenazine metasulphate and the mix-
ture was incubated at 37 C for 5 min. The ﬁnal reaction was
stabilized by adding 1 ml of 0.5 M hydrochloric acid. After homog-
enization, the readings were taken in a spectrophotometer at
505 nm and the results were expressed in UI.
2.6. Determination of the glycogen concentration
The glycogen contents of the DGG and cephalopedal mass were
determined according to the method 3.5 DNS (Sumner, 1924;
Pinheiro and Gomes, 1994) and expressed as mg glucose/g tissue,
wet weight.
2.7. Chemicals
Standards of oxalic, succinic, pyruvic and lactic acids were pur-
chased from Sigma–Aldrich (Steinheim, Germany) in the highest
purity grade available. Acetonitrile, sodium dihydrogen phosphate
and phosphoric acid were of analytical purity or for chromato-
graphic use. Ultrapure water was obtained from a Milli-Q water
puriﬁcation system (Millipore, Bedford, MA, USA). Stock standard
solutions were dissolved in mobile phase, phosphate buffer ad-
justed to pH 2.2 with phosphoric acid, and stored at 4 C.
2.8. HPLC analysis
All HPLC experiments were carried out in a Shimadzu LC-20AT
system equipped with photodiode array detector (PDA; SPD-M20A,
Shimadzu, Japan) coupled to an LCSolution ChemStation data-
processing station. Separations were carried out with reversed
phase column C18 (150  4.5 mm I.D., 5 lm, Allure Organic Acids,
Restek) in isocratic conditions. The mobile phase consisted of 1%
acetonitrile in 20 mol L1 NaH2PO4 aqueous solution, adjusted to
pH 2.2 with H3PO4. The temperature was set at 36 C and the ﬂow
rate was 0.8 mL/min. The chromatograms were monitored at
210 nm and the injection volume was 20 ll. The identiﬁcation of
organic acids present in the samples was based on a comparison
of UV spectra and retention times with those of the pure standard
solutions. Quantiﬁcation was performed on the basis of linear
calibration plots of peak area against concentration. Calibration
lines were constructed based on ﬁve concentration levels of stan-
dard solutions. The calibration graphs for oxalic, succinic, pyruvic
and lactic acids were linear (r = 0.99) in all cases. All experiments
were performed in triplicate.
The hemolymph was vortexed and centrifuged for 10 min at
2520g. The supernatant was separated and undissolved particles
were removed by ﬁltration using 45 lmmembrane ﬁlters. Aliquots
of 20 ll were used for the chromatographic analysis.
2.9. Histochemical analyses
Snails from each period of infection were dissected for shell re-
moval and transferred to Duboscq-Brasil ﬁxative (Fernandes,
1949). The soft tissues were processed according to routine histo-
logical techniques (Humason, 1979). The sections (5 lm thick)
were stained using PAS and observed under a Zeiss Axioplan light
microscope. Images were captured with an MRc5 AxioCam digital
camera and processed with the Axiovision software.
2.10. Statistical analyses
The results obtained were expressed as mean ± standard devia-
tion and the Tukey test and ANOVA were used to compare the
means. A polynomial regression was calculated to analyze the
relation between the values obtained and the infection time(P < 0.05) (InStat, GraphPad, v.4.00, Prism, GraphPad, v.3.02, Prism,
Inc.).3. Results
3.1. Determination of glucose concentration and LDH activity
Changes in the glycemia of the infected snails were shown with
a signiﬁcant relation between time of infection and glucose con-
centration in the hemolymph of the snails infected by 5
(r2 = 0.94) and 50 (r2 = 0.93) miracidia (Fig. 1A and B). However, a
signiﬁcant increase in the glucose concentrations in the infected
snails was only observed from the third week of infection onward
with 5 (74.56 ± 0.56) and 50 miracidia (80.24 ± 4.41) in compari-
son with the control group (44.36 ± 4.79) (Table 1).
There was also alteration in activity of LDH in both groups of in-
fected snails (Table 1). In the group exposed to ﬁve miracidia, the
smallest value was recorded after the ﬁrst week of infection
(1.95 ± 0.33), which was not statistically different from the control
group (2.09 ± 0.17). However, as the infection advanced, there was
a signiﬁcant increase in the LDH activity, with the highest level
found in the fourth week of infection (3.47 ± 0.26) (Fig. 2A), repre-
senting an increase of 70.1%. The same sequence of variation was
observed in the groups exposed to 50 miracidia, with the highest
value noted four weeks after infection (5.63 ± 0.15), corresponding
to an increase of approximately 175.98% in relation to the mean
control group (2.04 ± 0.17) (Fig. 2B).
Table 1
Lactate dehydrogenase activity (UI) and glucose concentration (mg/dL) in the hemolymph of Biomphalaria glabrata experimentally infected by 5 and 50 miracidia of Echinostoma
paraensei. a–c = Means followed by different letters differ signiﬁcantly in relation to the control group in each week of the experiment, P < 0.05 (mean ± SD).
Lactate desidrogenase activity (UI) Glucose concentration (mg/dL)
Period Control 5 50 Control 5 50
X ± SD X ± SD % X ± SD % X ± SD X ± SD % X ± SD %
1 2.09 ± 0.17a 1.95 ± 0.33a 6.86 2.34 ± 0.42a 11.91 43.97 ± 4.80a 35.74 ± 0.26a 18.71 43.58 ± 1.19a 0.88
2 2.04 ± 0.17a 3.22 ± 0.47b 57.74 3.76 ± 0.41b 84.07 44.29 ± 4.12a 22.09 ± 3.08b 50.10 46.85 ± 3.40a 5.78
3 2.05 ± 0.17a 3.04 ± 0.34b 48.05 3.29 ± 0.17b 60.20 44.36 ± 4.79a 74.56 ± 0.56b 68.09 80.24 ± 4.41b 80.89
4 2.04 ± 0.17a 3.47 ± 0.26b 69.68 5.63 ± 0.15b 175.40 45.02 ± 5.73a 114.25 ± 10.73b 153.79 93.08 ± 10.58b 106.76
Fig. 2. Relation between lactate desidrogenase activity, expressed in UI, in the
hemolymph of Biomphalaria glabrata infected by 5 (A) and 50 (B) miracidia of
Echinostoma paraensei and time of infection, expressed in weeks: 0 (zero) week of
infection represents the mean of the snails of the control group dissected after the
end of each experimental period (1–4 weeks) a, b, c = means differ signiﬁcantly
between each other (mean ± SD).
Fig. 3. Relation between glycogen content, expressed in mg of glucose/g tissue, wet
weight, in the digestive gland–gonad complex of Biomphalaria glabrata infected by 5
(A) and 50 (B) miracidia of Echinostoma paraensei and time of infection, expressed in
weeks: 0 (zero) week of infection represents the mean of the snails of the control
group dissected after the end of each experimental period (1–4 weeks) a, b,
c = means differ signiﬁcantly between each other (mean ± SD).
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To better understand the changes of the glycemia of infected
snails, we determined the contents of glycogen in the host’s DGG
and cephalopedal mass. With respect to the glycogen content in
the DGG of the infected snails, the lowest value was found in the
fourth week after infection for snails exposed to ﬁve miracidia
(2.37 ± 0.18) (Fig. 3A), and in the third week for the group infected
with 50 miracidia (1.38 ± 0.19). In both cases these ﬁgures differed
signiﬁcantly in relation to the mean of the control group
(41.41 ± 1.61) during the four weeks of infection (Fig. 3B) (Table 2).
The glycogen content in the cephalopedal mass of B. glabrata in-
fected by 5 and 50 miracidia presented signiﬁcant differences in
relation to the average content of their control group (Table 2).
There was a decline of 50.30% in the glycogen content in thecephalopedal mass of the snails infected with ﬁve miracidia in
the fourth week after infection (11.00 ± 0.41) in relation to the
mean control group (22.15 ± 0.30), but the smallest value was
observed two weeks after exposure (6.91 ± 0.92), differing signiﬁ-
cantly from the content found four weeks post-infection
(Fig. 4A). Likewise, the infection by 50 miracidia caused a decrease
in the glycogen concentration of 91.51% at the end of the fourth
week of infection (1.880 ± 0.24) (Fig. 4B).3.3. HPLC analysis
After observing the above changes, we focused our analysis on
determining the possible effect of infection on concentrations of
some organic acids in B. glabrata. The infection by both miracidial
Table 2
Glycogen content in the digestive gland–gonad complex and cephalopedal mass, expressed in mg of glucose/g of tissue, fresh weight, in Biomphalaria glabrata experimentally
infected by 5 and 50 miracidia of Echinostoma paraensei. a–c = Means followed by different letters differ signiﬁcantly in relation to the control group in each week of the
experiment, P < 0.05 (mean ± SD).
Glycogen content (mg glucose/g tissue, wet weight)
Digestive gland–gonad complex Cephalopedal mass
Period Control 5 50 Control 5 50
X ± SD X ± SD % X ± SD % X ± SD X ± SD % X ± SD %
1 39.98 ± 1.58a 3.24 ± 0.26b 91.89 3.99 ± 0.18b 90.00 23.01 ± 0.27a 8.18 ± 0.63b 64.43 10.67 ± 0.18b 53.60
2 41.39 ± 1.47a 2.89 ± 0.49b 93.01 2.78 ± 0.02b 93.27 22.58 ± 0.42a 6 6.91 ± 0.92b 69.39 5.56 ± 0.73b 75.34
3 41.37 ± 1.63a 5.86 ± 0.48b 85.83 1.38 ± 0.19b 96.66 22.62 ± 0.37a 11.14 ± 0.56b 50.74 3.84 ± 0.05b 83.01
4 42.10 ± 1.76a 2.37 ± 0.18b 94.37 6.13 ± 0.33b 85.44 22.15 ± 0.30a 11.00 ± 0.41b 50.30 1.88 ± 0.24b 91.51
Fig. 4. Relation between glycogen content, expressed in mg of glucose/g tissue, wet
weight, in the cephalopedal mass of Biomphalaria glabrata infected by 5 (A) and 50
(B) miracidia of Echinostoma paraensei and time of infection, expressed in weeks: 0
(zero) week of infection represents the mean of the snails of the control group
dissected after the end of each experimental period (1–4 weeks) a, b, c = means
differ signiﬁcantly between each other (mean ± SD).
Table 3
Levels of organic acids in the hemolymph (mM) of Biomphalaria glabrata infected with 5 an
in weeks. Week 0 (zero) represents the average of the control group during the four week
followed by different letters differ signiﬁcantly, P < 0.05, (mean ± standard deviation). ND
Weeks Oxalic acid (mM) Succinic acid (mM)
5 50 5 50
0 29.67 ± 0.77a 40.18 ± 0.63
1 37.29 ± 0.23a,b 34.73 ± 0.95a ND ND
2 43.17 ± 7.94b,c 85.59 ± 8.85b ND ND
3 47.79 ± 0.15c 89.77 ± 1.65b ND ND
4 46.37 ± 0.70b,c 80.41 ± 3.46b ND ND
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concentration increased 61.07% in the snails infected with ﬁve
miracidia in the third week after infection (47.79 ± 0.15 mM) in
relation to the control group (29.67 ± 0.77 mM). This increase
was even more pronounced in the snails infected with 50 miracidia
in the same period of infection (89.77 ± 1.65 mM). Similar variation
was observed to the lactic acid concentration in the infected
groups, with increase of 401.25% in snails infected with ﬁve mira-
cidia and 500.05% for snails infected with 50 miracidia after the
third week of infection, in relation the average of the control group
(37.37 ± 4.38 mM) (Table 3).
In contrast, the levels of pyruvic acid in the infected groups
were lower and signiﬁcantly different than those in the control
group throughout the experiment. In the later periods of infection
(third and fourth weeks), the contents of this substrate were not
detected in infected snails, indicating that their concentrations
were lower compared to those used to plot the standard curve
(Table 3). Likewise, the contents of succinic acid were not detected
in both infected groups, indicating signiﬁcant decreases in their
concentrations when compared to uninfected snails (Table 3).
3.4. Histochemical analyses
The histochemical results (PAS) revealed the presence of cercar-
ial stages in the DGG of the E. paraensei-infected snails, and the
presence of glycogen granules in their interior. In relation to the
control snails, the absence of larval stages of the parasite was
shown in sections of digestive gland tissue, with their integrity
and functioning preserved (Fig. 5A–F).
4. Discussion
Many studies have reported changes in the metabolism of snails
infected by trematode larvae, which obtain from the host’s hemo-
lymph the nutrients needed for their development. Furthermore,
the developing larvae have the snail body and hemolymph as their
milieu intérieur, where they excrete metabolites. Thus, these two
processes – removal of nutrients and release of excretion productsd 50 miracidia of Echinostoma paraensei, in different post-infection periods, expressed
s of analysis, since there were no signiﬁcant differences in these weeks. a–d = means
= organic acids not detected.
Pyruvic acid (mM) Lactic acid (mM)
5 50 5 50
12403.60 ± 57.42a 37.37 ± 4.38a
550.78 ± 47.30b 431.7 ± 27.47b 31.51 ± 0.72a 37.54 ± 0.12a
27.06 ± 2.38c 13.67 ± 4.60c 61.59 ± 2.10b 75.71 ± 3.46b
ND ND 187.32 ± 0.38c 224.24 ± 16.62c
ND ND 95.2 ± 1.25d 119.92 ± 1.20d
Fig. 5. Histological sections of the digestive gland–gonad complex of Biomphalaria glabrata stained by PAS. A and B – Sections from uninfected snails, showing the integrity
and functionality of the digestive gland and the absence of larval stages of the parasite, exhibiting a lumen with the presence of amorphous material (lu) and glycogen
granules (gr). C, D, E and F- Sections of the digestive gland of snails experimentally infected by Echinostoma paraensei, showing intense cellular disorganization caused by the
presence of rediae (") and cercariae (cer), and demonstrating the oral sucker (os), birth pore (bp), acetabulum (ac), tail (t), anterior end (ae), posterior end (pe) and presence of
glycogen granules (gr).
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stance, the snail exhibits a negative energy balance, resulting in
mobilization of its reserves of carbohydrates, such as glycogen,
mainly from the digestive gland and secondly from cephalopedal
mass, to assure survival (de Souza et al., 2000; Pinheiro et al.,
2009).
Thompson and Lee (1986) showed that in B. glabrata submitted
to periods of starvation as well as to S. mansoni infection, the glu-
cose levels in the hemolymph remained constant. This indicates
the presence of homeostatic mechanisms aimed at maintaining
the normal glycemia, whether by mobilizing reserves (glycogen)
or by modulating biochemical pathways (Becker, 1980; Crews
and Yoshino, 1990). The glycogen concentrations in the DGG and
cephalopedal mass of B. glabrata, here analyzed during the devel-
opment of E. paraensei in its intermediate host, were signiﬁcantly
lower in relation to the uninfected group. This reduction was much
more pronounced in the DGG, an organ that stores glycogen for the
general maintenance of the snail’s metabolism. Therefore, this site
was selected during the host-parasite coevolution for larval trem-
atode development. This fact is reinforced by the histochemical re-
sults presented here, which showed the presence of cercarialstages inside rediae and their capacity to synthesize glycogen,
using substrates absorbed directly from the hemolymph that
bathes this organ. The capacity to incorporate glucose monomers
from the hemolymph of the host by larval stages of trematodes
has been observed by Pinheiro and Amato (1994). According to
the authors, the presence of Eurytrema coelomaticum (Giard et
Billet, 1892) Looss, 1907 sporocysts on the external surface of the
digestive gland of Bradybaena similaris (Férussac, 1821) suggests
the ability to remove the glucose monomers needed to maintain
the intense metabolic processes veriﬁed during the ontogenic
development of this parasite species.
The histological/histochemical results of the present study also
indicate an intense process of lesion and cell disorganization of the
DGG of B. glabrata infected by E. paraensei. These ﬁndings suggest
the loss of normal physiological functions of this site, characterized
by inability to store glucose in the form of glycogen, explaining the
break in the normoglycemia in the later periods of infection by this
echinostomatid. This period (third and fourth weeks) coincides
with the formation and maturation of rediae (Pinheiro et al.,
2005), a stage characterized by the presence of a primitive mouth,
pharynx and intestine, enabling the larva to feed directly on the
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1996). The same has been observed by Moore and Halton (1973),
who reported a degenerative aspect of the digestive gland of
infected Lymnaea truncatula (Muller, 1774) by Fasciola hepatica
(Linnaeus, 1758), a species of trematode that also passes through
a redial stage during its life cycle.
In relation the glucose contents, the results obtained here reveal
that initially this sugar content in snails infected with 5 and 50
miracidia tended to ﬂuctuate within the normal range, presenting
values near those of the control group, with signiﬁcant increases in
their levels only from the third week after infection. Such variation
can be partly explained by acceleration of the gluconegenesis
(Tunholi et al., 2011c). This tendency has also been observed by
Tunholi-Alves et al. (2011) studying the relation B. glabrata/
E. paraensei, in which the authors suggested that the decreased
level of triacylglycerol in the hemolymph of infected snails is
related to maintenance of glycemia, since the triacylglycerol
hydrolysis forms glycerol molecules that can be phosphorylated,
giving rise to glycerol-3-phosphate, which can be directed to
gluconeogenesis. Thus, the imbalance caused in the glucose levels
in the hemolymph of B. glabrata infected by E. paraensei from of
third infection week likely results from activation of protein
(Tunholi et al., 2011b) and lipid catabolism as compensatory
physiological mechanisms, as well as activation of glycogenolysis
and losses of physiological functions of the snail’s DGG.
An increased rate of anaerobic metabolism in infected snails
was also observed, possibly as an alternative way to maintain the
energy ﬂow for maintenance of metabolic processes of the host
and larval trematodes, suggesting a dose-dependent response for
this system, since the snails with the highest parasite doses (50
miracidia) presented greater LDH activity. Similar results were
obtained by el-Ansary et al. (2000), studying the susceptibility
of Biomphalaria alexandrina (Ehrenberg, 1831) to infection by
S. mansoni. They reported a marked stimulation of the enzymatic
centers related to the glycolysis pathway, especially of LDH, this
being essential to the success of infection. At the molecular level,
B. alexandrina and Bulinus truncatus (Audouin, 1827) infected with
S. mansoni presented reduced capacity to perform oxidation
through the tricarboxylic acid cycle, with low cytochrome oxidase
activity, reduced gluconeogenic capacity and high lactate produc-
tion (Ishak et al., 1975). This indicates a reduction in the aerobic
metabolism and acceleration of the anaerobic degradation of
carbohydrates in infected snails, through lactic fermentation
(Mohamed and Ishak, 1982).
In order to better understand the effect of infection on the oxi-
dative carbohydrate metabolism in B. glabrata, we measured the
concentrations of certain organic acids, such as oxalic, succinic,
pyruvic and lactic acids, present in the hemolymph of the host.
The lower levels of pyruvic acid and increase in lactic acid levels
observed in infected snails in relation to the uninfected ones con-
ﬁrm the activation of an anaerobic metabolism via LDH. The estab-
lishment of this metabolic condition suggests the ability of
B. glabrata to activate alternative metabolic pathways to obtain en-
ergy, suggesting an important adaptive response of the snail to
infection, ensuring the ATP synthesis from the pyruvate reduction,
as well as the re-oxidation of NADH. Interestingly, the highest con-
centrations of lactic acid occurred late in the infection progress
(third and fourth weeks) in both infected groups (5 and 50 mira-
cidia), conﬁrming that this is the period of greatest energy with-
drawal from the host by the larvae. Similar changes were
observed by Bezerra et al. (1999) evaluating the effect of aestiva-
tion in B. glabrata. Furthermore, the increased lactic acid concen-
tration in the infected organisms (5 and 50 miracidia) may also
be due to the activation of protein catabolism culminating with in-
creased content of gluconeogenic amino acids and ﬁnally an in-
crease in this acid (Hochachka, 1983).The accumulation of oxalic acid in both infected groups sug-
gests the deceleration of the Krebs cycle rate and hence the aerobic
metabolism. This increase was greatest in snails exposed to 50
miracidia, showing that in this model, the concentration of oxalic
acid is dose-dependent. This dependence has been frequently ob-
served in infected snails (Bezerra et al., 1997), indicating that the
establishment of E. paraensei in B. glabrata requires the acceleration
of anaerobic metabolism of the host. In parallel, succinic acid was
not detected in the two infected groups, showing lower values than
those used for the preparation of the standard curve. Thus, low
concentrations of this acid in the infected groups can be partly ex-
plained by the reduction of malate to succinate via fumarate reduc-
tase in the opposite direction to the tricarboxylic acid cycle
(Tielens, 1994). As a consequence of the malate dismutation, succi-
nate is metabolized to propionate, resulting in energy production
and maintenance of redox balance (Tielens, 1994).
Finally, the results reported here suggest that the infection of
E. paraensei by 50 miracidia caused more severe changes, since
greater LDH activity and lower glycogen concentrations were
found in relation the snails infected with ﬁve miracidia, suggesting
a dose-dependent response. Additionally, HPLC results conﬁrmed
the acceleration of anaerobic metabolism rate in B. glabrata in-
fected by this echinostomatid, since the increase in LDH activity
was accompanied by reduction of pyruvic acid and increase lactic
acid contents in the hemolymph of infected snails. So, the histolog-
ical and histochemical technique showed physical damage caused
by trematode larvae, reﬂecting alterations in the glycogen stores,
which in turn leads to snail metabolic remodeling to supply the
high demand for energy needed to maintain the host’s metabolism
and the parasite’s larval development. This is an interesting phys-
iological response of the host against infection, necessary to its sur-
vival and full development of the parasite. This information can be
used in developing measures to control the host snails, to avoid
metabolic strategies that allow their prolonged survival.Acknowledgments
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